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ZERO-DELAY BUFFER CIRCUIT FOR A SPREAD 
SPECTRUM CLOCK SYSTEM AND METHOD 

THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Zero-buffer cir 
cuit for a spread spectrum clock (SSC) system and a method 
therefor and more speci?cally, to a Zero-delay buffer circuit 
having a delay-locked loop (DLL) based Zero-delay buffer. 

[0003] 2. Background of the Related Art 

[0004] In a related art of improving computer system 
ef?ciency, it is desirable to increase a processing speed by 
operating a central processing unit (CPU) at a higher fre 
quency by increasing a clock frequency. An increase in clock 
frequency increases a frequency of the computer system, as 
peripherals (e.g., memory, graphic card) can also operate at 
a higher frequency. HoWever, as the clock frequency 
increases, electromagnetic emission (EMI) increases due to 
an increased peak amplitude. As a result, EMI limits clock 
frequency improvements in the related art. 

[0005] A related art technique knoWn as spread spectrum 
clocking (SSC) reduces EMI and alloWs for an increased 
clock frequency by modulating the clock frequency along a 
modulation pro?le having a predetermined frequency. 
Because amplitude is reduced by the frequency modulation, 
EMI can be reduced While alloWing an increase in the clock 
frequency. FIG. 1 illustrates a non-modulated spectral 
energy distribution 3 compared to the related art SSC 
frequency-modulated spectral energy distribution 1. A mag 
nitude A of EMI reduction is determined by a modulation 
amount 6 and a shape of the SSC spectral energy distribution 
1. 

[0006] FIG. 2 illustrates a related art modulation pro?le 9 
used With the SSC technique. An SSC clock is modulated 
betWeen a nominal frequency 5 of the constant-frequency 
clock fnom, and a doWn-spreading frequency (1-6) fnOrn 7, 
Where 6 represents a spreading magnitude as a percentage of 
the nominal frequency fnOrn 5. The modulation pro?le 9 
determines the shape of the SSC spectral energy distribution 
1. 

[0007] FIG. 3 illustrates a related art computer system that 
applies the related art SSC technique. In a motherboard 15, 
an SSC generator 11 receives an unmodulated clock input 
signal and generates a frequency-modulated clock signal in 
a ?rst phase-locked loop (PLL) 13. The frequency-modu 
lated clock signal is transmitted to a central processing unit 
(CPU) 17 and a peripheral board 19. 

[0008] FIG. 4 illustrates a block diagram of the SSC 
generator 11. A ?rst divider 49 receives the unmodulated 
clock input signal and generates an output received by the 
?rst PLL 13. In the ?rst PLL 13, a ?rst phase detector 35 
receives an output signal of the ?rst divider 49 and an input 
signal from a feedback divider 43 to generate an output 
signal that provides a measurement of a phase difference 
betWeen the unmodulated clock input signal and the fre 
quency-modulated signal. A ?rst charge pump 37 receives 
the output signal of the ?rst phase detector 35. The ?rst 
charge pump 37 then generates charges in response to the 
output signal of the ?rst phase detector 35. When a ?rst loop 
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?lter 39 receives the charges from the ?rst charge pump 37, 
the ?rst loop ?lter 39 produces a DC voltage output. The DC 
voltage output of the ?rst loop ?lter 39 is received by a ?rst 
voltage controlled oscillator (VCO) 41. The ?rst VCO 41 
generates an output signal to a post divider 45 and the 
feedback divider 43. The post divider 45 then generates the 
frequency-modulated clock signal that is transmitted to the 
CPU 17 and the peripheral board 19, and the feedback 
divider 43 generates a reference signal for the ?rst phase 
detector 35. 

[0009] As shoWn in FIG. 3, the peripheral board 19 
further processes the frequency-modulated clock signal in a 
Zero-delay clock buffer 21 to generate an output clock signal 
for a peripheral device 23 (e.g., SDRAM, accelerated graph 
ics port, etc.). The Zero-delay clock buffer 21 includes a 
second PLL 25 having a second phase detector and a 
frequency detector 27, a second charge pump 29, a second 
loop ?lter 31, and a second voltage-controlled oscillator 
(VCO) 33. 

[0010] HoWever, the related art SSC technique has various 
disadvantages. For eXample, a jitter problem occurs due to 
a difference in period betWeen a maXimum frequency and a 
minimum frequency. As the input clock signal migrates from 
the non-modulated frequency over the modulation period, a 
change in period siZe occurs over clock cycles during a 
modulation event. 

[0011] A skeW problem also eXists in the related art SSC 
technique due to a period difference betWeen the frequency 
modulated clock signal and the output clock signal. Because 
the output clock cannot be updated instantaneously, a period 
difference betWeen the frequency-modulated clock signal 
from the motherboard 15 and the output clock signal to the 
peripheral device 23 develops. The cumulative effect of the 
period difference results in a signi?cant phase error knoWn 
as skeW. 

[0012] The skeW and jitter of the related art SSC technique 
can be reduced by maXimiZing a bandWidth of the feedback 
loop in the second PLL 25 and minimiZing a phase angle of 
an input-to-output transfer function of the modulation fre 
quency. FIGS. 5 and 6 illustrate a relationship betWeen 
increased feedback loop bandWidth, decreased phase angle, 
and decreased skeW. HoWever, even the related art SSC 
technique having optimiZed feedback loop bandWidth and 
phase angle still has the jitter and skeW errors as discussed 
in Zhang, Michael T., Notes 011 SS C and Its Timing Impacts, 
Rev. 1.0, February 1998, pp. 1-8, Which is incorporated by 
reference. Thus, the jitter and skeW problems limit the clock 
frequency improvements that can be achieved by the related 
art SSC technique. 

[0013] The above references are incorporated by reference 
herein Where appropriate for appropriate teachings of addi 
tional or alternative details, features and/or technical back 
ground. 

SUMMARY OF THE INVENTION 

[0014] An object of the invention is to solve at least the 
related art problems and disadvantages, and to provide at 
least the advantages described hereinafter. 

[0015] An object of the present invention is to provide an 
improved Zero-delay buffer circuit and a method therefor. 
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[0016] Another object of the present invention is to 
improve the ef?ciency. 
[0017] A further object of the invention is to minimize a 
reduces electromagnetic emission (EMI). 

[0018] An object of the present invention is to also mini 
miZe the jitter. 

[0019] Another object of the present invention is to mini 
miZe a skeW error. 

[0020] Still another object of the present invention is to 
minimiZe a delay for clock skeW elimination. 

[0021] It is another object of the present invention to 
provide a phase detector that eliminates a phase ambiguity 
problem. 
[0022] A Zero-delay buffer circuit for generating an output 
clock signal having a reduced EMI includes a spread spec 
trum clock (SSC) generator circuit that receives an input 
clock signal and generates a modulated frequency clock 
signal, and a Zero-delay buffer circuit that receives and 
buffers said modulated frequency clock signal to generate an 
output clock signal, the Zero-delay buffer circuit aligning a 
phase of the modulated frequency clock signal and the 
output clock signal such that there is no phase difference 
betWeen the output clock signal and the modulated fre 
quency clock signal. 

[0023] A delay-locked loop circuit embodying the present 
invention further includes a phase detector that receives a 
modulated frequency clock signal, measures a phase differ 
ence betWeen the modulated clock frequency signal and the 
output clock signal, and generates phase detector outputs; a 
charge pump circuit coupled to the phase detector device, 
Wherein the charge pump circuit receives the phase detector 
outputs and generates charges; a loop ?lter circuit coupled to 
the charge pump, Wherein the loop ?lter circuit receives the 
charges and generates a DC voltage output; and a voltage 
controlled delay chain (VCDC) circuit coupled to the loop 
?lter and the phase detector, Wherein the VCDC circuit 
aligns phases of the modulated frequency clock signal and 
the output clock signal. 

[0024] A phase detection device embodying the present 
invention includes a ?rst phase detector circuit that receives 
a modulated frequency clock signal and generates ?rst and 
second pulse signals, Wherein the ?rst and second pulse 
signals measure on of a rising edge and a falling edge of the 
modulated frequency clock signal and the output clock 
signal, respectively; a second phase detector circuit that 
receives the modulated frequency clock signal and generates 
third and fourth pulse signals, Wherein the third and fourth 
pulse signals measure one of the rising edge and the falling 
edge of the modulated frequency clock signal and the output 
clock signal, respectively; and a signal divider circuit to 
alternatively operate the ?rst and second phase detector 
circuit, memory states of the ?rst phase detector circuit and 
the second phase detector circuit are periodically reset. 

[0025] A method embodying the present invention 
includes the steps of generating a modulated frequency 
clock signal based on spread spectrum modulation having an 
amplitude less than an amplitude the input clock signal; and 
aligning a phase of the modulated frequency clock signal 
With the output clock signal to eliminate phase differences 
betWeen the output clock signal and the modulated fre 
quency clock signal. 
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[0026] Additional advantages, objects, and features of the 
invention Will be set forth in part in the description Which 
folloWs and in part Will become apparent to those having 
ordinary skill in the art upon examination of the folloWing 
or may be learned from practice of the invention. The objects 
and advantages of the invention may be realiZed and attained 
as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The invention Will be described in detail With 
reference to the folloWing draWings in Which like reference 
numerals refer to like elements Wherein: 

[0028] FIG. 1 illustrates a spectral energy distribution 
curve for a fundamental harmonic of related art spread 
spectrum clocking (SSC) and non-SSC clocks; 

[0030] FIG. 3 illustrates a block diagram of the related art 
SSC system architecture; 

[0031] FIG. 4 illustrates a block diagram of the related art 
SSC generator having a phase-locked loop (PLL) circuit; 

[0032] FIGS. 5 and 6 illustrate a relationship betWeen 
feedback loop bandWidth, phase angle and skeW for the 
related art SSC technique; 

[0033] FIGS. 7a and 7b illustrate a phase ambiguity 
problem of the related art phase detector; 

[0034] FIG. 8 illustrates a block diagram of a clock 
recovery circuit according to a preferred embodiment of the 
present invention; 

[0035] FIG. 9 illustrates a block diagram of a delay 
locked loop (DLL) circuit according to a preferred embodi 
ment of the present invention; 

[0036] FIG. 10 illustrates an operation of the DLL circuit 
according to the preferred embodiment of the present inven 
tion; 

[0037] FIGS. 11a and 11b illustrate a time-to-digital con 
verter (TDC) according to a preferred embodiment of the 
present invention; 

[0038] FIG. 12 illustrates an operation of the TDC accord 
ing the preferred embodiment of the present invention; 

[0039] FIG. 13 illustrates a block diagram of the DLL 
circuit according to another preferred embodiment of the 
present invention; 

[0040] FIG. 14 illustrates an operation of the DLL circuit 
according to another preferred embodiment of the present 
invention; 
[0041] FIG. 15 illustrates a block diagram of the coarse 
delay line circuit according to another preferred embodiment 
of the present invention; 

[0042] FIG. 16 illustrates a block diagram of the control 
ler circuit With a lock detector circuit according to another 
preferred embodiment of the present invention; 

[0043] FIG. 17 illustrates a coarse tuning operation 
according to another preferred embodiment of the present 
invention; 

FIG. 2 illustrates a related art SSC modulation 














